volume 24 number 7 July 2017 nature structural & molecular biology 27 acetylation (H3K27ac) 12 , whereas che RNAs are associated with H3K4me3 (ref. 15) . Finally, cheRNAs are longer than eRNAs (median length of ~2,000 as compared to ~350 nucleotides) 13, 15 . In this issue of Nature Structural & Molecular Biology, Werner, Ruthenburg and colleagues functionally characterize several cheRNAs 17 .
The Ruthenburg group had previously discovered enrichment of cheRNAs in the nonsoluble as compared to the soluble chromatin fraction of RNAs by means of rigorous subnuclear fractionation coupled with RNA-seq of HEK293 cells 15 . A majority of these cheRNAs remain attached to chromatin through interactions with RNA polymerase II (Fig. 1) . Intriguingly, cheRNA expression was positively correlated with the expression of neighboring protein-coding genes. In the current study, through a series of biochemical and genetic experimentations, the authors demonstrate that cheRNAs are expressed in a cell-type-specific manner, and that these RNAs promote changes An increasing array of non-protein-coding RNAs characterizes eukaryotic genomes, including that of humans [1] [2] [3] [4] . Over the course of last 15 years, first through microarray screens and subsequently through RNA sequencing (RNA-seq), a large number of lncRNAs have been annotated in a diverse set of species [5] [6] [7] . lncRNAs are postulated to control all aspects of DNA metabolism, most notably transcription, and to influence cellular differentiation, organismal development, and disease progression 1, [8] [9] [10] [11] . However, most lncRNAs have not been tested for function in gene regulatory processes. More recently, a subclass of lncRNAs has been found to be transcribed from many enhancers, termed enhancer RNAs or eRNAs 12, 13 . eRNAs require a greater depth of sequencing to be detected reliably, as they are either transcribed at low levels or rapidly degraded 14 . Recently, Ruthenburg and colleagues discovered a novel class of putative eRNAs that remain bound to chromatin and are not easily solubilized, which they termed chromatin-enriched enhancer RNAs or cheRNAs 15 .
cheRNAs show several molecular characteristics that are distinct from those of eRNAs. Whereas most eRNAs are bidirectionally transcribed from the prototypical enhancers, cheRNAs show a specific strand bias 15, 16 . Moreover, eRNAs are marked by the histone H3K4 monomethylation (H3K4me1) and H3 lysine Chromatin-enriched lncRNAs: a novel class of enhancer RNAs
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Long noncoding (lnc)RNAs are postulated to control diverse biological processes by modulating transcription, yet for most lncRNAs evidence supporting this function has been lacking. A new report describes the role of a novel class of lncRNAs-chromatin-associated enhancer RNAs or cheRNAs-in the regulation of proximal gene expression.
in chromatin architecture and thereby contribute to the expression of nearby genes. cheRNA profiling in three divergent cell lines, HEK293, K562, and H1hESCs, showed that proximity to cheRNAs was a better predictor of cis-gene expression than features such as chromatin modification signatures or the expression of eRNAs or other lncRNAs.
To functionally test cheRNAs, Werner et al. used CRISPRi to inhibit the transcription of three different cheRNAs that are highly expressed in K562 cells 18 . Truncated transcription of the cheRNAs abrogated the induction of the nearest coding genes, providing evidence that cheRNAs are required for robust expression of neighboring genes. The cis-limited function of cheRNAs suggested a model whereby the cheRNAs localize to a neighboring gene and thus control its expression. In agreement with this, RNA fluorescence in situ hybridization (RNA-FISH) probing of the cheRNA PVT1 to its target gene MYC showed 
transported as cargoes by other molecular motors, such as the microtubule plus-end-directed kinesins. Unbound dyneins are thought to be in an inhibited form, and several models have been proposed to explain how these motors switch between inactive and active states [4] [5] [6] [7] .
Two new independent EM studies show how self-dimerization of the motor domains locks dyneins into an autoinhibited conformation 8, 9 . Both cytoplasmic dynein-1, the major motor driving retrograde transport in the cytoplasm, and cytoplasmic dynein-2, which specializes in retrograde transport in the cilium, intrinsically adopt the same autoinhibited form and require external factors to switch to the activated state. These new findings provide mechanistic insights into how cells regulate dynein-based transport by switching the motor on and off.
In the cilium, the rapid bidirectional transport of ciliary components, known as By converting the chemical energy stored in ATP into mechanical force, dyneins 'walk' toward the minus ends of microtubules in what is known as retrograde transport 1 (Fig. 1) . Dynein movement along microtubules is fundamental for transport of cellular cargoes, displacement of cellular structures during cell division, and for assembly of large microtubule-based structures, such as the cilium 2 ; specialized axonemal dyneins also provide the force to power ciliary motility 3 . However, only a small fraction of cellular dynein binds to, or actively walks on, microtubules at any one time. Most dyneins diffuse in the cytoplasm colocalization of PVT1 with the MYC transcript. This result indicated that the PVT1 cheRNA bridges its genomic site to the target gene MYC. CRISPRi of another cheRNA, HIDALGO, demonstrated that it is required for full stimulation of the fetal hemoglobin subunit gamma-1 (HBG1) gene during the differentiation of K562 cells toward erythroid lineages.
To distinguish whether the act of transcription or the HIDALGO cheRNA itself activates HBG1 expression, Werner and colleagues degraded the HIDALGO RNA using antisense oligonucleotides and found a significant decrease in HBG1 transcription, suggesting that cheRNAs themselves play a functional cis-regulatory role. To investigate a potential mechanism of HIDALGO RNA function, the authors performed chromatin conformation capture (3C), and they discovered that a HIDALGO transcription start site contacts the HBG1 promoter, a loop that is diminished upon CRISPRi depletion of HIDALGO. Relatedly, cheRNA loci are enriched at topologically associating domain boundaries. This observation is consistent with a recent model suggesting that noncoding RNA transcription can serve as central points for chromosome domain contacts 19 . The authors also analyzed the evolution of cheRNAs and found that they are enriched for type I mammalian transposons, implying that these transposable sequences may be the origin of the transcription-enhancing cheRNAs.
In summary, Werner et al. convincingly show that the cheRNA class of lncRNAs can function to activate gene expression of proximal genes. Nevertheless, not all cheRNAs may function similarly. For example, one cheRNA examined by the authors, PAINE, did not significantly influence the expression of the closest neighboring gene. It remains possible, however, that the PAINE cheRNA may alter expression of one or more genes that lie at a distance. Another possibility is that a subset of cheRNAs may fine-tune or perhaps even inhibit nearby gene expression. Future investigations will most certainly further refine the mechanisms by which this novel class of lncRNAs regulates transcription, genomic configuration, and cell fate.
Switching dynein motors on and off

Gaia Pigino & Stephen M King
Cytoplasmic dyneins transport cellular components from the periphery toward the center of the cell. By moving cargoes along microtubules, dyneins ensure proper cell division, regulate exchange of materials between organelles, and contribute to the internal organization of eukaryotic cells. Two recent studies show that, upon dimerization, cytoplasmic dyneins intrinsically adopt an autoinhibited configuration that can be relieved by other factors to precisely control motor activity and regulate dynein-based transport.
Gaia Pigino is at the Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany, and Stephen M. King is in the Department of Molecular Biology and Biophysics, University of Connecticut Health Center, Farmington, Connecticut, USA. e-mail: pigino@mpi-cbg.de intraflagellar transport (IFT) 10 , relies on the anterograde heterotrimeric motor kinesin-II 11, 12 and the retrograde motor dynein-2 (also called dynein 1b or the IFT dynein) 2 . Several copies of the IFT dynein and kinesin-II are integrated into the structure of the IFT trains, with the dyneins acting as cargoes on anterograde IFT trains. The trains travel smoothly to the tip of the cilium (kinesindriven direction), then return to the base (dynein-driven direction), rather than exhibiting the stochastic back-and-forth directional switching characteristic of cytoplasmic transport where the motors can engage in a tug of war. Thus, the activities of IFT dyneins and kinesins seem to be highly coordinated. However, it remains unclear how dynein-2 can be transported on anterograde trains along microtubules without interfering with the motility of kinesin-II motors.
In a recent study, Roberts and colleagues 8 show that dimerization of the human dynein-2 n e w s a n d v i e w s
